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1.0  INTRODUCTION  AND  OVERVIEW  OF  THE  COMMUNITY 
SOCIOECONOMIC  IMPACT  ASSESSMENT  MODEL  (SIAM)  PACKAGE 


1.1  INTRODUCTION 

Large-scale  projects  such  as  the  M-X  system  are  likely  to  result  in 
transformations  of  communities  and  regions  that  are  initially  small  in  population  and 
economic  output.  These  socioeconomic  changes  would  be  induced  during 
construction  and  operations  phases  of  the  project  by  expenditures  for  materials 
procurement  and  by  direct  employment  of  substantial  numbers  of  workers.  The 
direct  economic  effects  are  multiplied  within  the  local  economy  to  produce  a  larger 
total  expansion  of  output  and  employment.  One  of  the  more  immediate 
consequences  of  large-scale  economic  expansion  in  local  areas  which  have  a  small 
available  labor  force  would  be  rapid  population  growth  as  people  move  into  the 
region  to  take  advantage  of  the  employment  opportunities  generated  by  the  project. 

Many  of  the  key  socioeconomic  issues  are  related  to  the  ability  of  small 
communities  and  sparsely  populated  regions  to  accommodate  rapid,  large-scale 
economic  and  population  growth  without  excessive  disruption  or  deterioration  in 
living  conditions.  Transformations  may  be  expected  in  the  demographic  profiles  of 
communities,  in  local  markets  for  goods  and  services,  in  requirements  for  a  stock  of 
physical  capital  such  as  housing  and  other  types  of  buildings,  in  requirements  for 
conversion  of  land  to  urban  uses,  in  needs  for  public  and  private  infrastructure  such 
as  streets  and  utilities,  in  needs  for  various  public  services  and  facilities,  and  in  the 
size  and  pattern  of  local  government  revenues  and  expenditures.  Concerns  about 
these  types  of  issues  are  intensified  by  the  possibility  that  a  period  of  rapid 
expansion  during  the  construction  phase  of  the  project  (the  so-called  "boom")  may 
be  followed  by  an  equally  abrupt  period  of  shrinkage  (or  "bust")  when  construction  is 
completed.  This  "boom-bust"  cycle  may  be  especially  significant  in  situations  where 
construction  employment  greatly  exceeds  permanent  operations  employment,  as  in 
counties  that  are  affected  only  by  DDA  facility  construction  rather  than  by 
operating  bases. 

The  Social  Impact  Assessment  Model  (SIAM)  is  a  set  of  formal  mathematical 
models  which  have  been  designed  to  provide  quantitative  projections  of  the  effects 
of  projects  such  as  the  M-X  system  on  communities  and  regions, for  each  of  the 
topics  mentioned  above.  The  group  of  linked,  computer-based  models  provides  a 
comprehensive  analytical  framework  that  is  sensitive  to  variations  in  the  project's 
location,  size,  and  other  characteristics,  and  to  baseline  differences  among 
communities.  The  package  consists  of  the  following  groups  of  models: 

o  Economic 

o  Demographic 

o  Housing 

o  Community  Land  Use  and  Infrastructure 

Community  Services  and  Facilities 


o 


o 


Public  Finance 


Figure  l-l  shows  the  overall  structure  of  the  models  and  their  linkages.  This 
report  presents  a  detailed  description  of  the  housing,  land  use,  and  community 
services  model  groups,  while  the  economic,  and  demographic,  and  the  public  finance 
models  are  discussed  in  separate  technical  reports,  ETR-27  and  ETR-29, 
respectively. 

1.2  THE  COMMUNITY  SERVICES  AND  INFRASTRUCTURE  IMPACT  MODELS 

These  impact  models,  which  may  be  utilized  at  the  county  and  individual 
community  levels,  consist  of  three  groups:  housing,  land  use  and  infrastructure,  and 
community  facilities  and  services.  The  various  submodels  are  described  in 
Table  1.2-1  in  terms  of  their  input  variables  and  constants  and  output  variables, 
including  their  level  of  geographical  and  substantive  detail.  The  three  groups  are 
basically  driven,  with  several  exceptions,  by  changes  in  population  size,  its 
composition  and  spatial  distribution.  The  exceptions  are  in  the  areas  of  housing  and 
land  use,  where  the  computed  impacts  are  also  a  function  of  economic  variables 
such  as  employment,  personal  income,  and  consumer  expenditure  patterns.  The 
model  outputs  in  general  should  be  interpreted  as  forecasts  of  changes  in  demand  for 
the  various  services  and  infrastructure,  rather  than  as  projections  of  how  their 
supply  would  be  transformed. 

1.3  GENERAL  CHARACTERISTICS  OF  THE  COMMUNITY  SERVICES  AND 
INFRASTRUCTURE  MODELS 

IMPACT  MODELS 

All  three  model  groups  may  be  specified  in  a  generalized  form  or  made 
location-specific  by  the  adjustment  of  certain  parameters  to  correspond  to  local 
data.  For  purposes  of  assessment  of  the  M-X  project,  parameters  which  express 
generally  accepted  standards  for  various  services  are  specified  uniformly  for  all 
communities,  while  other  types  of  parameters  are  allowed  to  vary  from  one  place  to 
another.  These  model  characteristics  and  their  application  to  the  M-X  project  may 
be  summarized  as  follows: 

o  Demographic  Detail  for  In-migrants.  The  models  are  capable  of 
differentiating  as  many  as  eight  different  project-related  population 
groups.  Each  of  the  submodels  may  be  run  separately  for  each 
population  group  so  as  to  isolate  the  effects  associated  with  that 
segment  of  the  population.  For  the  M-X  analysis,  new  population  groups 
are  differentiated  in  terms  of  project-related  employment  categories, 
with  four  types  of  temporary  or  construction  population  (OB 
construction,  cluster  construction,  OB  assembly  and  checkout,  and 
cluster  assembly  and  checkout),  three  types  of  operations  population 
(military  officers,  military  enlisted  personnel,  and  direct  civilian 
employees),  and  the  project- induced  indirect  population  generated  to 
provide  local  goods  and  services. 

o  Geographic  Detail  -  °lace  of  Residence.  The  model  allocates  in-migrant 
population  among  several  different  geographical  or  spatial  categories. 
First,  for  the  M-X  analysis,  the  various  categories  of  population  are 
allocated  to  residential  locations  either  on  the  operations  base,  in 
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Figure  1-1.  Schematic  diagram  of  socioeconomic  impact  models  and 
their  1 inkages . 


Non-residential  non-residential, 

sewer  cost  factor  and  system-wide 


construction  camps,  or  in  local  communities.  At  a  second  level,  the 
population  projected  to  reside  in  local  communities  is  allocated  to 
different  subcounty  geographical  areas  which  may  correspond  to 
governmental  jurisdictions,  such  as  cities,  towns,  townships,  and  school 
districts,  or  to  census  county  divisions.  Totals  for  larger  regions  are 
formed  by  aggregating  governmental  jurisdictions  such  as  counties.  The 
methodology  of  the  Community  Population  Allocation  Model  (CPAM)  is 
described  in  ETR-37,  which  also  presents  population  impact  forecasts  for 
individual  communities  as  a  result  of  the  Proposed  Action  and  the 
various  Project  Alternatives. 

o  Geographic  Detail  -  Region  of  Impact  Analysis.  These  may  correspond 
to  any  geographic  area  which  may  be  formed  by  aggregating  small 
government  jurisdictions  for  which  data  series  are  available,  such  as 
cities  and  counties.  These  may  include  states,  groupings  of  states,  and 
sub-state  regions.  Only  those  impacts  which  occur  within  the  appropri¬ 
ately  defined  region  are  computed.  For  purposes  of  the  M-X  analysis, 
impacts  were  computed  at  the  individual  community  and  county  levels, 
with  regional  scale  effects  calculated  as  the  sum  of  impacts  occurring 
within  the  appropriate  set  of  counties. 

o  Time  Frame  for  Impact  Projection.  Impacts  are  computed  annually  in 
the  models  with  separate  tabulations  of  the  cumulative  impact  from  year 
zero  and  the  net  additional  impact  occurring  in  a  given  year. 

o  Impacts  Related  to  Project  Parameters.  Impacts  may  be  computed  for 
each  element  or  phase  of  a  project,  such  as  construction,  operations,  and 
indirect  effects.  For  the  M-X  project,  five  different  direct  project 
activities  are  distinguished:  base  construction,  cluster  (technical 

facility)  construction,  base  assembly  and  checkout,  cluster  assembly  and 
checkout,  and  operations.  In  addition,  for  the  operations  phase,  different 
base  sizes  in  terms  of  military  personnel,  civilian  employment,  and 
procurement  expenditures  are  analyzed.  The  user  can  specify  and 
evaluate  various  scenarios  by  providing  appropriate  project  descriptive 
data  for  input  to  the  models. 

o  Mode  of  Analysis.  The  models  can  be  run  in  three  modes:  (1)  baseline 
socioeconomic  change  with  no  project,  (2)  net  project-related 
socioeconomic  impact,  and  (3)  total  or  cumulative  socioeconomic  change 
in  an  area  due  to  the  M-X  project  and  other  sources  of  change.  In  the 
Nevada/Utah  region  of  influence  (ROD,  these  other  sources  of  change 
include  a  number  of  energy,  mineral,  and  manufacturing  projects  which 
could  be  constructed  concurrently  with  M-X  in  several  counties. 

In  the  following  sections,  the  general  structure,  assumptions,  and  logic  of  the 
models  are  discussed  for  each  submodel  individually  along  with  examples  of  the 
summarized  output  tables  and  their  interpretation.  Unsummarized  model  outputs 
and  population  data  by  employment  category  and  place  of  residence  are  shown  in 
Appendix  *\,  Table  A-l. 


2.0  HOUSING  SECTOR  MODEL  GROUP 


2.1  MODEL  STRUCTURE  AND  DESCRIPTION 

The  purposes  of  this  submodel  are  to  develop  quantitative  projections,  on  a 
year  by  year  basis,  of  the  number  of  project- related  households  expected  to  reside 
in  local  communities  and  the  number  and  type  of  housing  units  that  must  be  provided 
(or  removed)  in  order  to  accommodate  them.  This  is  accomplished  in  four  steps:  a) 
estimation  of  the  number  of  M-X-related  in- migrant  households  by  employment 
category  of  the  principal  wage  earner  in  a  household,  b)  projection  of  total 
requirements  for  housing  units  to  accommodate  households  allowing  for  a  "normal" 
or  frictionless  vacancy  rate  (five  percent),  c)  estimation  of  constraints  on  the 
production  of  new  permanent  dwellings  in  housing  markets  which  are  initially  very 
small,  and  d)  projection  of  likely  changes  in  housing  supply  as  a  consequence  of  the 
M-X  project.  The  following  sections  describe  the  computational  procedures, 
assumptions,  and  underlying  rationale  for  each  of  these  routines. 

HOUSEHOLDS  AND  HOUSING  DEMAND  (2.1.1) 

The  inputs  to  this  submodel  are  a  vector  of  population,  consisting  of  seven 
project- related  employment  categories,  and  a  corresponding  vector  of  average 
household  size  for  each  population  category.  The  population  vector  is  that  subset  of 
total  project- induced  population  growth  which  is  projected  to  reside  in  communities. 
It  excludes  that  portion  of  construction  workers  in  temporary  construction  camps 
and  80  percent  of  the  military  personnel,  who  are  assumed  to  reside  on  the  Air 
Force  base.  The  number  of  households  is  computed  by  dividing  the  population  vector 
by  the  average  household  size  vector,  which  is  derived  from  sample  data  available 
from  secondary  sources  for  each  of  the  source  groups  for  M-X-related  in-migrant 
population.  These  constants  and  their  sources  are  as  follows: 


Household  Category 


Average  Household  Size  Source  or  Reference 


Construction  and 
Assembly  and  Checkout 
workers  (family  households) 


3.6  Mountain  West  Research, 

Inc.,  Construction  Worker 

Profile  Final  Report,  1975 


Military 

(family  households) 


3.4  U.S.  Department  of 

Defense,  1980 


Civilian  and  Indirect  2.8  Bureau  of  the  Census,  1979 

(all  households) 


The  household  size  parameters  for  the  first  two  categories,  construction 
workers  and  military  workers,  include  only  that  portion  of  the  population  which  is 
present  in  family  households,  since  it  is  assumed  that  construction  workers 
unaccompanied  by  their  families  and  single  Air  Force  personnel  would  reside  in 
group  housing.  Housing  services  for  these  latter  two  groups  would  be  obtained 
either  from  construction  contractors  or  the  Air  Force,  rather  than  in  local  housing 
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markets.  Approximately  50  percent  of  the  non-local  construction  and  AirCO 
workers  are  assumed  to  have  their  housing  provided  in  temporary  construction 
camps,  while  the  remaining  portion,  who  are  accompanied  by  their  families, 
compete  for  private  housing  services  in  local  communities.  This  estimate  is  derived 
from  information  contained  in  Construction  Worker  Profile,  Final  Report. 
Seventy-six  percent  of  the  non-local  workforce  is  married,  and  of  this  number, 
63  percent  are  accompanied  by  their  families.  Thus,  48  percent  of  the  non-local 
workforce  bring  dependents  to  the  job  location  with  them.  Unlike  construction 
workers  and  military  personnel,  civilian  operations  and  indirect  workers  residing  in 
local  communities  would  consist  of  both  family  households  and  households  composed 
of  unrelated  individuals.  The  average  household  size,  estimated  from  recent 
national  data  from  the  Bureau  of  the  Census,  is  correspondingly  lower  for  these 
population  groups.  In  addition,  this  procedure  assumes  that  civilian  in- migrants 
would  be  drawn  from  throughout  the  nation.  The  total  number  of  households  which 
would  compete  in  local  housing  markets  for  their  housing  services  is  the  sum  of  the 
numbers  of  households  computed  for  each  of  the  population  categories.  Household 
size  for  the  indigenous  population  varies  by  county  and  is  based  upon  data  from  the 
1980  census  of  population. 

In  addition  to  the  number  of  in-migrant  households  generated  by  the  project, 
M-X-related  housing  demand  would  be  a  function  of  the  incomes,  housing  (shelter) 
expenditure  potential,  and  preference  patterns  of  the  in-migrant  households.  Data 
on  assumed  average  income  and  shelter  expenditure  potential  are  shown  in 
Tables  2.1.1- 1  and  2. 1.1-2  for  five  categories  of  households,  with  the  first  table 
assuming  one  person  employed  in  each  household  and  the  second  assuming  an 
additional  employed  worker  earning  the  average  wage  obtained  in  indirect  jobs.  In 
the  absence  of  specific  data  on  preferences  for  housing  relative  to  other  goods,  it  is 
assumed  that  the  maximum  monthly  expenditure  for  shelter  is  33  percent  of  gross 
income,  a  figure  which  is  becoming  commonly  used  as  an  underwriting  criterion  by 
mortgage  lenders  and  by  government  housing  assistance  programs.  The  data  show 
the  maximum  monthly  rent  affordable  for  workers  with  an  average  salary  ranges 
from  ^962  for  construction  workers,  to  $314  for  enlisted  military  personnel, 
assuming  one-worker  households:  the  corresponding  values  for  two-worker  house¬ 
holds  would  be  $1,361  and  $712  per  month,  respectively.  The  maximum  affordable 
home  purchase  prices  are  also  shown  in  the  tables,  with  a  maximum  price  of  $89,200 
for  construction-worker  households  with  one  employed  person,  ranging  to  a  low  of 
about  $29,000  for  enlisted  military  personnel.  The  equivalent  values  for  two-worker 
households  are  $126,100  and  $65,300,  respectively.  All  of  these  affordable  prices 
assume  mortgage  interest  rates  of  16  percent,  30  year  amortization  periods,  and 
downpayments  of  20  percent  of  the  purchase  price,  although  equivalent  data  for 
other  interest  rates  are  shown  in  the  tables.  Although  the  aspect  of  money  demand 
for  housing  is  not  a  formal  part  of  the  model,  these  data  are  used  in  qualitatively 
assessing  the  probable  market  response  to  the  increment  of  demand  for  dwelling 
units  induced  by  the  M-X  project. 

Although  available  data  about  housing  preferences,  demand,  and  actual 
consumption  patterns  of  construction  worker  households  are  very  limited,  the 
Construction  Worker  Profile  (Mountain  West  Research,  Inc.,  December  1975) 
provides  a  useful  starting  point  for  estimating  these  types  of  parameters.  Data 
from  the  sample  survey  of  residents  in  five  western  communities  currently  affected 
by  large-scale  energy  and  mineral  development  projects  are  shown  in  Table  2. 1.1-3. 
The  housing  supply  matrix  described  in  a  subsequent  section  is  partially  determined 


to 


Table  2.1. 1-1.  M-X-related  household  shelter  expenditure  potential  by  price  and  rent  levels,  by  employment  category,  assuming  one  worker  per  household. 
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Housing  preference,  demand,  and  actual  consumption  patterns  of  construction  workers,  other  newcomers,  and  long-time  residents  in  five 
western  communities  sampled  in  the  Construction  Worker  Profile  study. 


by  evaluating  incomes,  housing  expenditure  potential,  and  preference  patterns  to 
assess  the  demand  side  of  the  housing  market  effects  induced  by  the  project. 

TOTAL  HOUSING  UNIT  REQUIREMENTS  (2.1.2) 

Total  M-X-related  housing  requirements  in  a  given  vear,  and  net  annual 
requirements  for  additional  new  dwellings,  are  a  function  of  the  number  of 
in-migrant  households  with  an  allowance  for  a  "normal"  vacancy  rate  and  replace¬ 
ments  for  units  which  are  removed  from  the  market  inventory  due  to  events  such  as 
fires  or  demolitions  (five  percent).  Housing  unit  requirements  are  computed  as  1.05 
times  the  increment  of  increase  in  the  number  of  households  and  should  be 
interpreted  as  the  number  of  units  which  are  required  to  accommodate  all 
households  and  allow  for  relatively  frictionless  turnover.  The  vacancy  rate  assumed 
is  an  aggregate  one  which  averages  over  rental  and  sales  housing  as  well  as  over 
single-family  and  multi-family  units. 

HOUSING  SUPPLY  CONSTRAINTS  (2.1.3) 

There  are  persuasive  reasons  for  expecting  that  the  total  number  of  units 
required  by  M-X-related  households,  or  number  for  which  there  is  effective 
economic  demand,  will  be  only  partially  supplied  in  the  smaller  local  housing 
markets  by  permanent  dwellings,  at  least  in  the  initial  years.  To  replicate  this  "real 
world"  situation  in  the  model,  housing  supply  constraints  matrices  were  estimated 
which  indicate  for  each  category  of  households  the  proportion  of  their  housing 
requirements  that  would  likely  be  met  by  permanent  housing,  including  single-family 
and  multi-unit  dwellings,  and  by  mobile  homes.  In  addition  to  demand  factors  such 
as  average  household  income  (or  ability  to  afford  the  prices  and  rents  of  new  units) 
and  preference  patterns  for  the  various  housing  types,  the  estimated  distribution 
among  structure  types  of  new  housing  provided  each  year  would  be  a  function  of  the 
capabilities  of  local  housing  suppliers  to  produce  new  permanent  housing.  These 
capabilities  are  likely  to  be  limited  initially  by  several  factors.  Among  them  are  the 
small  size  of  the  local  homebuilding  industry,  insufficient  local  supply  of  skilled 
construction  labor,  difficulty  in  competing  for  construction  labor  against  M-X,  lack 
of  available  building  sites  which  have  urban  services,  time  lags  involved  between 
land  acquisition  and  improvement  and  actual  completion  of  dwellings,  and 
insufficient  locally  available  supply  of  mortgage  capital  for  both  construction  and 
permanent  financing.  There  is  a  high  probability  that  housing  markets  in  the  smaller 
communities  will  be  relatively  unorganized  until  market  institutions  have  time  to 
become  more  fully  developed.  The  likelihood  is  that  these  production  constraints 
would  be  more  severe  in  the  short  term.  The  temporary  nature  of  a  sizable  portion 
of  housing  demand  during  the  construction  phase  of  the  M-X  project  will  shift  larger 
shares  of  housing  provided  in  the  initial  years  to  the  mobile  home  category.  With 
the  passage  of  time,  stabilization  of  housing  demand  and  improving  production 
capabilities  for  permanent  housing  would  result  in  increasing  shares  of  demand  being 
supplied  by  permanent  residential  construction. 

These  effects  are  represented  in  the  model  by  varying  over  time  the  housing 
supply  constraints  matrices  which  indicate  the  proportions  of  housing  requirements 
met  by  each  of  the  three  housing  types  for  each  of  the  seven  population  categories. 
The  initial  matrix,  shown  on  the  left  side  of  Table  2.1.3- 1,  shows  that  a  small  share 
of  housing  requirements  in  the  first  year  would  be  met  through  production  of  new 
permanent  housing  while  large  proportions  are  mobile  homes.  Base  construction 
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Table  2. 1.3-1. 


Initial  and  steady-state  community  housing  supply  propor¬ 
tions  by  housing  type,  for  seven  household  categories. 


Household  Category 

Base  construction 
Base  A 6c CO 
Cluster  construction 
Cluster  AitCO 
Military  operations 
Civilian  operations 
Indirect 

T227S/10-2-81 

Note: 

Source: 


Initial  Housing  Supply 
Constraints  Matrix 


SF1 

MF1 

MH1 

0.20 

0. 10 

0.70 

0.0 

0.0 

1.00 

0. 10 

0. 10 

0.80 

0.10 

0.10 

0.80 

0.10 

0.10 

0.80 

0.10 

0. 10 

0.80 

0.10 

0.10 

0.80 

Stable,  Steady-State 
Housing  Supply  Matrix 


SF 

MF 

MH 

0.25 

0.15 

0.60 

0.0 

0.0 

1.00 

0.6 

0.2 

0.2 

0.6 

0.2 

0.2 

0.60 

0.20 

0.20 

0.60 

0.20 

0.20 

0.60 

0.20 

0.20 

1  SF  -  Single  Family;  MF  -  Multiple  Family  and  MH  -  Mobile  Home 

HDR  Sciences,  based  on  Construction  Worker  Profile,  Final  Report, 
1975.  ~  . . . 
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workers  would  be  provided  a  proportionately  greater  share  of  permanent  housing 
units  initially,  due  to  their  much  larger  purchasing  power  and  effective  economic 
demand,  while  s  nailer  proportions  of  lesser-income  military  and  indirect  households 
would  obtain  permanent  housing.  Cluster  (DDA  facility)  construction  worker 
households  are  assumed  to  demand  only  mobile  homes  because  of  the  itinerant 
nature  of  their  construction  activities  in  remote  areas.  The  proportion  of  the 
housing  supplied  in  the  form  of  mobile  homes  is  approximately  equal  to  that  actually 
consumed  by  newcomer  construction  workers  as  reported  in  Construction  Worker 
Profile:  Final  Report  (see  Table  2. 1.1-3:  "Mobile  Home"  and  "Other"  categories). 
On  the  right  of  Table  2.1.3- 1  are  shown  the  long-term  housing  supply  proportions, 
with  much  higher  shares  for  single- family  and  multiunit  housing  constructed  onsite. 
Parameters  in  the  long-term  matrix  are  estimated  from  data  for  a  sample  of  small 
western  communities  which  have  Air  Force  bases  (U.S.  Bureau  of  the  Census,  1 97 S) 
and  also  from  data  on  housing  patterns  of  construction  workers  (Mountain  West 
Research,  Inc.,  1975). 

CHANGE  IN  HOUSING  SUPPLY  (2.1.4) 

The  total  change  in  housing  supply  as  of  a  given  vear  is  projected  by 
nultiplying  the  numbers  of  in-migrant  households  in  the  seven  categories  by  the 
appropriate  values  from  the  applicable  housing  supply  matrix.  The  total  number  of 
units  of  a  given  type  is  obtained  by  summing  across  the  household  categories  and 
nultiplying  by  1.05  to  include  an  allowance  for  vacant  units  and  replacements.  The 
procedure  is  repeated  for  each  of  the  three  housing  types.  Annual  change  in  supply 
of  housing  units  of  a  given  type,  which  may  be  positive  or  negative,  is  computed  as 
the  difference  from  the  previous  year  in  the  number  of  units  of  a  given  type. 
Positive  numbers  indicate  the  number  of  newly  constructed  permanent  housing  units 
or  newly  delivered  mobile  homes,  while  negative  signs  indicate  surplus  inventories  of 
permanent  units  or  removals  of  mobile  homes. 

2.2  EXAMPLE  HOUSING  MODEL  OUTPUTS  AND  INTERPRETATION 

lliust'-  iti  ve  housing  sector  model  outputs  are  presented  in  Tables  2.2-1  through 
2. 2-4.  These  tables  show,  respectively,  the  number  of  in-migrant  households  by 
population  category,  total  housing  requirements  by  type  of  structure,  net  annual 
housing  production  required  (or  surpluses  of  units  which  must  be  removed),  also  by 
tvpe  of  structure,  and  cumulative  additional  housing  units  required  as  a  result  of 
M-X  and  other  concurrent  projects.  The  following  sections  describe  each  summary 
outpit  table  in  terms  of  how  it  should  be  interpreted  and  provide  the  equations  for 
computing  the  values  for  the  variables.  Population  input  data  by  employment 
<  otegory  and  place  of  residence  for  the  Proposed  Action  are  shown  in  Appendix  A-l 
for  Beaver  Countv.  Utah,  site  of  the  second  operating  base.  The  appendix  also 
contains  the  detailed,  uns  urn  manned  model  output  for  Beaver  County  for  the 
Proposed  V'tion. 

M  IMBER  OF  HOI  1ST. HOLDS  (T-\BLF.  2.2-  1) 

The  total  numbers  of  M-X-related  in- migrant  households  that  would  be 
present  in  the  example  county  are  shown  in  the  table  for  each  year  from  1982 
through  1994  for  each  population  category.  Population  categories  are  defined  by  the 
employment  type  of  the  primary  wage  earner  in  a  household.  In  households  with 
me  e  than  one  worker,  the  general  rile  is  that  t he  household  is  classified  by  the 
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employment  category  of  the  worker  holding  an  M-X  direct  job.  For  example,  a 
household  which  contains  two  employed  persons,  one  as  an  M-X  construction  worker 
and  the  other  in  an  indirect  job,  would  be  classified  in  the  construction  worker 
population  category. 

The  table  also  shows  the  percentage  increase  in  the  number  of  households  over 
the  baseline  as  a  result  of  in-migration  of  M-X-related  households.  These  data 
indicate  the  change  generated  by  M-X-related  households  present  in  the  example 
county  in  a  given  year,  relative  to  the  number  of  baseline  households  which  would  be 
present  that  year  without  the  M-X  project.  The  data  do  not  identify  the  relative 
change  from  the  present  time  or  from  a  single  baseline  year. 

The  number  of  baseline  households  shown  in  the  example  table,  for  instance 
1,687  in  1987,  are  computed  as  the  quotient  of  baseline  population  and  estimated 
average  household  size  in  the  county,  conservatively  assumed  to  be  constant 
throughout  the  projection  period  at  the  average  household  size  measured  by  the  1980 
Census  HJ.S.  Bureau  of  the  Census,  1981):  3.06  persons  per  household.  Average 
household  size  is  estimated  separately  for  each  county  in  the  two  potential 
deployment  regions  as  the  size  measured  by  the  1980  Census,  although  the  historical 
pattern  has  been  one  of  declining  size.  These  data  are  shown  in  Appendix  A, 
Table  A-2. 


Computational  Equations 


0)  H1  - 

ht  " 

n  pt. 

Z  a1: 

n 

--  £  «j 

i  =  l  1 

i  =  l 

T 

= 

Total  number  of  Households  present  in  year  t 

where  f^. 

l 

= 

Population  in  the  ith  population  category  resident  in 
communities  in  year  t 

A. 

i 

= 

Average  household  size  for  the  ith  population  category 

f-f. 

i 

= 

Number  of  households  in  the  ith  population  category  in 
year  t 

t 

= 

Year  or  time  period 

n 

r 

Number  of  population  categories  =  7 

In  the  example  summary  table,  five  population  categories  are  distiniguished 

and  the  equation  becomes: 


where  P*  =  Population  in  construction  worker  category  resident  in 

communities  in  year  t 
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A 


c 


Average  household  size  for  construction  worker  families  = 
3.6 


P 


t 

a 


Population  in  assembly  and  checkout  worker  category 
resident  in  communities  in  year  t 


A  =  Average  household  size  for  \itCO  worker  familes  -  3.6 

P  *  -  Population  in  military  personnel  category  resident  in 

communities  in  year  t 


A^  =  Average  household  size  for  military  families  =  3.4 

P*  =  Population  in  civilian  operations  category  resident  in 

communities  in  year  t 


A 


o 


Average  household  size  for  civilian  operations  households  = 

2.8 


Population  in  indirect  employment  category  resident  in 
communities  in  year  t 


and  A. 


Average  household  size  for  indirect  worker  households  = 

2.8 


TOTAL  HOUSING  UNIT  REQUIREMENTS  (TABLE  2.2-2) 

The  total  number  of  housing  units  required  by  M-X-related  in-migrant 
households  are  shown  in  the  table  year-by-year  from  1982  through  1994  for  each  of 
the  three  types  of  residential  structures.  Housing  types  include  two  categories  of 
permanent  housing,  single-unit  and  multi  unit  structures,  and  mobile  homes.  The 
data,  which  are  for  housing  required  in  communities,  are  shown  for  each  alternative 
which  affects  a  county  and  exclude  family  and  group  housing  provided  on  the 
operating  base  by  the  Air  Force,  and  group  housing  in  temporary  camps  to 
accommodate  construction  workers  near  P>da  facility  sites  in  remote  areas. 


Computational  Equations 

(3) 

4 

=  Uf  +  ♦  U  t 

s  r  m 

where 

=  Total  housing  units  required  in  communities  in  year  t 

!jts 

=  Number  of  single-family  units  required  in  year  t 

U* 

r 

=  Number  of  units  in  multiunit  structures  required  in  year  t 

and 

ul 

m 

=  Number  of  mobile  homes  required  in  year  t 

The  general  equation  for  the  number  of  units  of  a  given  type  is: 
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where 

Ul 

a 

- 

Number  of  units  of  type  "a"  required  in  year  t 

H* 

= 

Number  of  households  in  the  ith  population  category  in  year 

S  t 
ai 

Proportion  of  demand  by  households  in  category  i  met  by 
structure  type  "a"  in  year  t 

1.05 

= 

Factor  accounting  for  a  constant  5  percent  vacancy  rate 

n 

= 

Number  of  population  categories  =  5 

For  sin 

gle-family  units: 

(5) 

Ul 

s 

- 

1.05  H*  S  X  *  H*  Sl  ♦  H\  S*  +  S  \  +  h\ 

c  sc  e  se  f  sf  o  so  d  sd 

where 

U* 

s 

Number  of  single  family  units  required  in  year  t 

Hf 

_ 

Number  of  base  construction  and  A<5cCO  worker  households 

c 

present  in  local  communities  in  year  t 

Ssc 

* 

Proportion  of  demand  by  base  construction  and  A<3cCO 
worker  households  met  by  single-family  structures  in  year 
t 

h' 

_ 

Number  of  shelter  construction  and  AdcCO  households 

e 

present  in  local  communities  in  year  t 

c* 

- 

Proportion  of  demand  by  shelter  construction  and  A<5cCO 

se 

worker  households  met  by  single-family  structures  in  year 
t 

Hj 

Number  of  military  households  present  in  communities  in 
year  t 

Ssl 

- 

Proportion  of  demand  by  military  households  met  by 
single-  family  structures  in  year  t 

Ho 

- 

Number  of  civilian  operations  worker  households  present  in 

year  t 

Sso 

= 

Proportion  of  demand  by  civilian  operations  households  met 
by  single-family  structures  in  year  t 

- 

Number  of  indirect  worker  households  present  in  year  t 

and 

Ssd 

- 

Proportion  of  demand  by  indirect  households  met  by  single 
unit  structures  in  year  t 

2! 
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Similarly,  for  required  housing  units  in  multiunit  structures: 


(6)  U,  =  1.05 
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and  for  mobile  ho  nes: 
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NET  ANNUAL  HOUSING  UNITS  REQUIRED  (TABLE  2.2-31 


This  table  indicates  the  number  of  additional  dwelling  units  that  must  be 
provided  or  the  number  of  surplus  units  that  must  be  removed  in  a  particular  year. 
For  permanent  housing,  i.e.,  single-family  and  multi-unit  residences,  the  number 
indicates  the  additional  dwellings  that  would  have  to  be  constructed  by  the  private 
home  building  industry  during  that  year,  while  a  negative  sign  indicates  an  inventory 
of  surplus  units  in  a  particular  year.  Similarly  the  table  indicates  the  numu  of 
additional  mobile  ho  nes  that  would  have  to  be  delivered  and  for  which  sites  would 
have  to  be  prepared  in  a  particular  year,  while  a  negative  sign  represents  the 
number  of  surplus  mobile  homes  that  could  be  removed  during  the  year.  For  each 
structure  type,  the  data  are  obtained  by  computing  the  difference  between  the  total 
number  of  units  required  in  the  year  and  the  total  number  required  in  the  previous 
year.  For  example,  the  number  of  additional  single-family  units  required  in  1987, 
468  houses,  is  obtained  by  subtracting  659  from  1,127.  The  data  in  the  table  should 
be  interpreted  as  conditional  forecasts  of  changes  in  housing  supply. 

CUMULATIVE  NUMBER  OF  HOUSING  UNITS  REQUIRED  BY  M-X  AND  OTHER 
CONCURRENT  PROJECTS  (TABLE  2.2-4) 


The  number  of  housing  units  required  by  the  trend-growth  baseline  population, 
the  number  required  by  the  baseline  population  assuming  other  large-scale  projects 
in  the  county,  and  the  percent  increase  over  the  requirements  of  the  trend-growth 
population  are  shown  in  the  section  of  the  table  labeled  baseline  requirements.  The 
needs  for  additional  housing  units  induced  by  large-scale  projects  other  than  M-X 
can  be  computed  by  subtracting  the  trend-growth  from  the  high  growth  baseline 
requirements. 

For  the  Proposed  Action  and  each  alternative  affecting  the  county, 
M-X-related  total  requirements  for  housing  units  are  shown  for  both  the 
trend-growth  and  high-growth  baselines.  Housing  needs  induced  by  the  M-X  project 
are  slightly  lower  for  the  high-growth  baseline,  due  to  lower  M-X-related  labor 
force  and  population  in-migration.  The  percent  change  above  the  trend-growth 
baseline  is  presented  for  both  net  additional  M-X-related  housing  requirements  and 
for  housing  needs  generated  by  M-X  and  other  concurrent  large-scale  projects. 
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3.0  COMMUNITY  LAND  USE  AND  INFRASTRUCTURE  MODEL  GROUP 


3. 1  MODEL  STRUCTURE  AND  DESCRIPTION 

This  submodel  provides  quantitative  projections  of  the  quantity  of  land  that  is 
needed  for  conversion  to  various  urban  uses  such  as  housing,  retail  trade, 
commercial-office,  industrial,  streets  and  highways,  and  public-institutional,  in 
order  to  accommodate  the  M-X-related  growth  in  population.  The  model,  in 
essence,  forecasts  short-term  demand  for  additional  land  by  the  various  urban  use 
activities  rather  than  changes  in  the  supply  of  land  in  the  use  categories.  Changes 
in  the  actual  supply  or  quantity  of  land  devoted  to  the  urban  uses  would  be  a 
function  of  the  economic  value  of  land  in  the  uses,  actual  market  prices  of  land,  the 
expected  duration  of  the  M-X- induced  demand,  and  the  physical  characteristics  or 
constraints  of  the  available  supply  of  developable  land,  as  well  as  numerous  policy 
considerations.  Local,  state,  and  even  federal  policies,  including  decisions  about 
zoning  and  about  capital  investments  in  infrastructure  such  as  water  and  sewer 
facilities,  are  likely  to  exert  a  major  influence  on  the  location  and  timing  as  well  as 
the  quantity  of  land  converted  to  the  various  urban  uses.  In  addition,  in  some 
communities  the  location  and  quantity  of  available  developable  land  may  be 
constrained  by  the  pattern  of  federal  and  state  ownership.  Requirements  for 
infrastructure  related  to  land  development,  such  as  streets  and  highways  and 
utilities,  are  projected  in  the  model  as  a  function  of  land  use  changes.  Various 
intermediate  outputs,  including  volume  of  retail  sales  and  capital  costs  of 

infrastructure,  are  available  for  analysis  or  as  inputs  to  other  submodels.  The 

computational  methods  and  assumptions,  which  are  different  for  each  category  of 
land  use,  are  described  in  the  following  sections. 

RESIDENTIAL  LAND  USE  (3.1.1) 

Requirements  for  additional  land  for  residential  use  are  projected  for  three 
density  categories  corresponding  to  the  three  housing  types--single-family  and 
multi  unit  permanent  housing  and  mobile  homes.  The  total  requirement  for 

residential  land  in  a  given  year  is  computed  as  the  sum  of  the  products  of  the 

number  of  housing  units  and  corresponding  density  factors  for  the  three  housing 
types.  These  density  factors  are  assumed  to  be  three  units  per  acre  for  single¬ 
family  permanent  housing,  ten  units  per  acre  for  multiunit  permanent  housing,  and 
five  units  per  acre  for  mobile  homes  (Murphy/Williams,  1978).  Although  actual 
residential  densities  and  the  number  of  housing  units  allowed  per  acre  by  zoning 
codes  vary  to  some  extent  from  one  community  to  another,  in  the  model  these 
factors  are  constant  for  all  communities.  Total  residential  construction  costs, 
excluding  land,  for  permanent  single-family  and  multiunit  housing  are  computed  as  a 
function  of  the  numbers  of  each  type  of  unit  required,  average  size  for  each  type  of 
unit  (assumed  to  be  1,200  and  900  sq  ft,  respectively,  for  single-family  and  multiunit 
housing),  and  the  construction  costs  per  sq  ft  for  each  structure  type.  These  costs 
were  estimated  in  1978  as  $30  and  $25,  respectively,  based  on  conversations  with 
local  developers.  Construction  costs  which  are  expressed  in  this  document  in  1978 
dollars  are  converted  within  the  model  algorithm  to  current  1980  dollars  by  the 
application  of  an  appropriate  inflation  factor  (Economic  Report  of  the  President, 
1981).  In  addition,  it  is  assumed  that  the  costs  of  both  construction  materials  and 
labor  in  the  region  will  become  inflated  due  directly  to  M-X  activity.  An  attempt  is 
made  to  reflect  this  likely  inflationary  trend  by  increasing  construction  costs  by  an 
additional  20  percent.  This  adjustment  is  made  for  construction  costs  associated 
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with  other  land  uses:  retail  trade,  office  and  commercial,  industrial,  streets  and 
highways,  and  public  and  institutional  land  uses. 

RETAIL  LAND  USE  (3.1.2) 

Retail  use  includes  land  devoted  to  retail  sales  of  food,  apparel  and  appliances, 
general  merchandise,  drug  stores,  furniture,  hardware,  eating  and  drinking  establish¬ 
ments,  auto  dealers,  gas  stations,  and  miscellaneous  retail  goods.  Retail  trade  land 
requirements  generated  by  the  M-X  project  are  a  function  of  the  volume  of  local 
retail  expenditures  by  M-X-related  population  and  the  quantity  of  building  space 
necessary  to  accommodate  that  sales  volume.  All  categories  of  M-X-related 
population  would  generate  retail  expenditures  locally.  The  model  incorporates 
distinctions  among  population  categories  in  both  the  quantity  of  retail  expenditures, 
which  is  a  function  of  income,  and  the  proportion  of  retail  purchases  that  are  local 
(in  the  county  or  other  region  being  examined)  rather  than  outside  the  region  where 
impacts  are  being  projected.  It  is  assumed  that  a  much  higher  share  (75  percent)  of 
retail  purchases  would  be  local  for  population  groups  residing  in  communities, 
whereas  the  share  would  be  lower  (20  percent)  for  those  living  in  construction 
camps.  These  latter  workers  would  be  either  single  or  unaccompanied  by  their 
families  so  that  a  major  share  of  their  retail  expenditures  is  likely  to  occur  near  the 
residential  location  of  their  families  rather  than  near  M-X  construction  sites. 
Similarly,  military  personnel  are  assumed  to  purchase  a  large  share  of  their  retail 
goods  onbase,  because  of  the  favorable  price  and  tax  treatment,  rather  than  in  the 
local  community.  The  proportion  of  retail  purchases  made  in  local  communities 
varies  for  military  personnel,  depending  on  whether  they  live  on  or  off  base,  with  a 
somewhat  higher  local  share  for  those  who  live  in  the  community  rather  than 
onbase.  The  proportions  of  retail  expenditures  that  are  estimated  to  be  in  local 
communities  are  presented  in  Table  3.1.2-  1. 

The  computational  steps  used  in  projecting  land  requirements  at  the  county 
level  for  retail  trade  may  be  summarized  as  follows: 

1.  Aggregate  disposable  personal  income  is  computed  for  each 

employment-related  population  category  resident  in  the  county.  This 
variable  is  an  output  of  the  economic  model. 

2.  The  total  volume  of  expenditures  for  retail  goods  is  computed  by 
multiplying  disposable  income  by  the  proportion  of  income  spent  on 
retail  goods,  which  is  estimated  to  be  31  percent  (obtained  from 
consumer  price  index  weights  used  by  the  U.S.  Department  of 
Commerce)  for  all  employment  categories. 

3.  That  portion  of  retail  expenditures  which  is  local  is  computed  for  each 
population  category  and  summed  to  obtain  total  local  retail  sales. 

U,  The  dollar  volume  of  retail  sales  is  converted  into  building  space  needed 
to  provide  such  a  sales  volume.  The  parameter  applied  is  one  of  average 
sales  volume  per  sq  ft  of  gross  leasable  area.  The  value  of  this 
parameter  is  estimated  to  be  $87  per  sq  ft  (1978  dollars),  based  on  data 
for  neighborhood-  and  community-size  shopping  centers  in  the  western 
United  States  (Urban  Land  Institute,  1978a). 
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Table  3.1. 2-1.  Estimated  proportions  of  retail  expenditures 

spent  locally  ,  by  employment  category 

and  place  of  residence.  | 


Employment  Category 

Place 

Community 

of  residence 

Base 

Camp 

Construction  -  Base 

0.75 

0.25 

0.20 

1 

Construction  -  Shelter 

0.75 

0.25 

0.20 

Assembly  and  Checkout  -  Base 

0.75 

0.25 

0.20 

Assembly  and  Checkout  - 
Shelter 

0.75 

0.25 

0.20 

1 

Operation  -  Military 

0.30 

0.20 

0.0 

Operation  -  Civilian 

0.75 

0.0 

0.0 

Indirect  Workers 

0.75 

0.0 

0.0 

T 1 20 1/ 10-2-81 


^Excludes  expenditures  by  military  operations  population  onbase. 

Source:  U.  S.  Air  Force,  Headquarters  Air  Force  Engineering 

and  Services  Center,  Tyndall  AFB,  Florida.  Personal  I 

communication  from  W.  Allen  Nixon,  economist, 

24  July  1980. 
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5.  Land  requirements  are  determined  as  a  function  of  the  building  space 
needed,  with  a  factor  of  four  applied.  The  space  not  covered  by 
buildings  is  to  accommodate  parking,  landscaping,  and  ancillary 
activities  (Urban  Land  Institute  1978b). 

6.  The  procedure  is  repeated  for  each  geographical  location  of  employment 
(base,  construction  camps,  and  communities)  and  is  subsequently  summed 
to  obtain  total  retail  trade  land  requirements. 

7.  Construction  costs  for  retail  building  are  assumed  to  be  $30  per  sq  ft 
(1978  dollars),  based  on  conversations  with  local  builders.  Construction 
costs,  which  are  converted  to  1980  dollars  in  the  model,  are  increased  an 
additional  20  percent  to  reflect  likely  increases  in  the  relative  prices  of 
labor  and  materials  as  a  result  of  the  M-X  project. 

When  the  model  is  run  at  the  individual  community  level,  needs  for  additional 
land  in  retail  uses  is  computed  as  the  product  of  the  total  county  need  and  the 
proportion  of  VI -X  in-migrants  to  the  county  that  are  allocated  to  the  particular 
community. 

OFFICE  AND  COMMERCIAL  LAND  USES  (3.1.3) 

Office  and  commercial  land  use  is  a  broad  category  which  encompasses 
personal  and  business  services,  transient  housing  (hotels  and  motels),  wholesale 
trade,  amusement  and  recreation  services,  repair  services,  and  other  miscellaneous 
services.  The  procedure  used  to  project  land  required  for  these  uses  is  identical  to 
that  used  for  retail  trade  except  for  the  following  modifications  in  assumptions:  (1) 
the  percent  of  disposable  income  spent  on  services,  which  by  definition  are  obtained 
in  commercial  and  office  buildings,  is  20  percent  (estimated  from  consumer  price 
index  weights  used  by  the  U.S.  Department  of  Commerce,  1979);  (2)  each  square 
foot  of  gross  building  area  would  generate  $60  of  service  transactions  (in  1978 
dollars);  (3)  ancillary  land  requirements  are  2.5  times  the  area  devoted  to  buildings 
(Murphy/Williams,  1978);  and  (4)  average  construction  costs  are  $35  per  sq  ft 
(estimated  based  on  conversations  with  local  builders  in  1978  dollars).  Construction 
costs,  which  are  converted  to  1980  dollars  in  the  model,  are  increased  an  additional 
20  percent  to  reflect  likely  increases  in  the  relative  prices  of  building  materials  and 
labor  as  a  result  of  the  M-X  project.  When  the  model  is  applied  at  the  community 
level,  needs  for  additional  land  devoted  to  commercial  uses  is  computed  at  the 
county  level  and  then  allocated  to  individual  communities  in  proportion  to  their 
share  of  the  M-X  in- migrant  population. 

INDUSTRIAL  LAND  USE  (3.1.4) 

Industrial  land  use  requirements  are  calculated  ir  a  series  of  five  steps:  (1) 
the  number  of  industrial  employees  is  estimated  to  be  10  percent  of  total  indirect 
employment  forecasted  in  the  county,  (2)  each  industrial  employee  is  assumed  to 
require  550  sq  ft  of  building  space,  (3)  each  industrial  employee  requires  260  sq  ft  of 
parking  space,  (4)  each  employee  requires  0.2  times  the  building  and  parking  area  for 
space  devoted  to  ancillary  uses,  and  (5)  land  consumption  calculated  in  Steps  2,  3, 
and  4,  above  are  summed  to  obtained  total  land  area  needed  (Murphy/Williams, 
1978).  Construction  costs  for  industrial  buildings  are  estimated  to  average  $2  5  per 
sq  ft  (in  1978  dollars),  based  on  conversations  with  builders  in  the  area.  Again,  costs 


t2 


are  converted  to  1980  dollars  and  increased  20  percent  to  account  for  changes  in  the 
relative  prices  of  inputs  to  construction.  Land  requirements,  which  are  computed  at 
the  county  level,  are  allocated  to  individual  communities  based  upon  their  share  of 
the  M-X  in-migrant  population. 

STREETS  AND  HIGHWAYS  (3.1.5) 

This  submodel  projects  the  length  of  streets  required  for  three  categories  of 
streets  and  the  quantity  of  land  required  to  accommodate  community  streets  and 
highways.  In  the  model,  street  requirements  are  a  function  of  residential  and  non- 
residential  land  development,  with  varying  requirements  for  each  type  of  housing. 
The  computational  steps  (Murphy/Williams,  1978)  are  as  follows: 

1.  Lengths  of  three  types  of  streets,  arterials,  collectors,  and  minor  streets 
are  computed  for  three  types  of  housing  units--single-familv,  multiunit 
housing,  and  mobile  homes--by  multiplying  the  number  of  each  type  of 
unit  by  the  required  linear  feet  per  unit  for  each  street  type.  These 
factors  are  shown  in  Table  3.1.5-  1. 

2.  Total  residentially-related  requirements  for  each  street  category  are  the 
sum  of  the  requirements  for  single-familv,  nultiunit,  and  mobile  home 
housing  types. 

3.  Nonresidential  street  requirements  are  a  function  of  residential  streets, 
with  a  factor  of  1.76  for  arterials  and  1.1  for  collectors  and  minor  local 
streets. 

4.  Total  street  length  required  for  each  of  the  three  street  types  is  the  sum 
of  the  residential  and  nonresidential  requirements. 

5.  Land  area  required  to  accommodate  streets  and  highways  is  computed  by 

multiplying  street  length  required  for  each  street  type  by  the 

right-of-way  width  (100,  60,  and  50  ft,  respectively),  and  by  dividing  this 
product  by  appropriate  conversion  factors  to  convert  the  area  to  acres 
and  hectares. 

6.  Street  construction  costs  are  computed  by  multiplying  each  street  length 

by  estimated  construction  cost  per  foot,  $55,  $40,  and  $35  (1978  dollars), 
respectively,  for  each  street  type.  Construction  costs,  which  are 

estimates  based  upon  conversations  with  contractors  in  the  area,  are 
converted  to  1980  dollars  in  the  model  and  increased  20  percent  to 
reflect  changes  in  the  relative  price  of  construction  inputs  such  as 
materials  and  labor. 

PUBLIC  AND  INSTITUTIONAL  LAND  USES  (3.1.6) 

Land  requirements  for  three  types  of  public  facilities  other  than  streets  are 
projected:  schools,  parks,  and  solid  waste  disposal  sites.  Land  needed  for  schools  is 
projected  by  multiplying  the  number  of  pupils  by  a  land  requirement  per  pupil, 

assumed  to  be  0.04  acres  per  pupil  (Utah  State  Office  of  Education,  1980k  Land 

requirements  are  computed  separately  for  three  grade  levels--K-6,  7-9,  10-12--and 
summed  to  obtain  total  requirements.  Land  requirements  are  projected  for  three 


Table  3. 1.5-1.  Estimated  linear  feet  of  streets  needed 

per  housing  unit  for  three  street  categories, 
by  type  of  housing  unit. 


Type  of  Housing 

Street  Type 

Unit 

After ial 

Collector 

Minor 

Single-family 

6.0 

7.00 

47.0 

Multi-unit 

5.0 

13.50 

10.0 

Mobile  homes 

5.5 

17.25 

22.0 

T 1202/9-22-81 

Source:  Murphy/Williams,  Socioeconomic  Impact  Assessment: 

A  Methodology  Applied  to  Synthetic  Fuels 
U.  S.  Department  of  Energy,  1978,  1978). 


types  of  local  parks,  (playgrounds,  neighborhood  parks,  and  community  parks)  by 
multiplying  the  population  residing  in  local  communities  times  per  capita  factors  for 
each  park  type.  These  parameters,  which  are  the  National  Park  and  Recreation 
Association's  standards  for  urban  communities,  are  0.001  acres  per  person  for 
playgrounds,  0.0013  acres  per  person  for  neighborhood  parks,  and  0.004  acres  per 
person  for  community  parks  and  open  space.  It  is  likely  that  these  standards  would 
overestimate  needs  for  developed  community  parkland  in  the  study  areas  because  of 
their  rural  character  and  the  abundance  of  open  countryside  and  dispersed 
recreation  opportunities.  For  solid  waste  disposal  it  is  assumed  that  each  person 
residing  in  local  communities  generates  a  need  for  0.000015  acres  per  year  for 
sanitary  landfill,  assuming  that  wastes  are  accumulated  to  a  depth  of  10  ft 
(Architects/Planners  Alliance,  Inc.,  1979). 

PUBLIC  AND  PRIVATE  UTILITIES  (3.1.7) 

This  submodel  projects  the  costs  of  constructing  utility  infrastructure 
associated  with  residential  and  nonresidential  development  as  well  as  systemwide 
and  total  utility  costs.  The  costs  of  providing  sanitary  sewers,  water  distribution, 
and  electricity  to  new  residential  development  is  a  function  of  the  number  of 
housing  units,  with  separate  factors  for  each  type  of  dwelling-single- family, 
multiunit,  and  mobile  home--as  shown  in  Table  3.1.7- 1.  Total  residential-related 
utility  development  costs  for  each  utility  are  computed  by  multiplying  the  appropri¬ 
ate  cost  factor  per  unit  times  the  number  of  housing  units  of  each  type  and  summing 
across  hosing  types. 

Nonresidential  utility  costs  are  assumed  to  be  a  constant  proportion  of 
residential  utility  costs,  with  factors  of  9.40  for  sanitary  sewage  and  0.20  for  water 
and  electricity.  Systemwide  development  costs,  such  as  for  trunk  sewers, 
wastewater  treatment  facilities,  and  water  storage  facilities,  are  computed  as  a 
constant  proportion  of  the  sum  of  residential  and  nonresidential  utility  costs.  The 
proportions  are  0.40  for  sanitary  sewage  and  water,  and  0.30  for  electricity 
(Murphy/Williams,  1978).  Utility  development  costs  are  an  intermediate  output 
-vhich  provide  input  data  for  the  public  finance  and  economic  models. 

INDIRECT  CAPITAL  COSTS  (RELATED  INVESTMENT)  (3.1.8) 

The  purpose  of  this  submodel  is  to  compute  total  indirect  or  related  capital 
costs  by  summing  construction  costs  for  off-base  public  and  private  facilities 
estimated  by  other  submodels,  including  housing,  retail  and  office  buildings, 
industrial  buildings,  public  and  institutional  buildings,  streets  and  highways,  and 
utilities.  All  of  these  capital  costs  are  treated  as  a  project-related  change  in  final 
demand  and  form  a  feedback  loop  to  the  RIMS  and  econometric  models  where  the 
"multiplier”  effects  of  these  expenditures  are  used  to  compute  additional  earnings 
and  indirect  employment.  That  portion  of  indirect  capital  costs  which  is  borne  by 
local  government  becomes  an  input  to  the  fiscal  impact  analysis  in  the  local 
government  sector  submodel.  For  a  more  detailed  description  of  assumptions  and 
computational  methods  for  public  capital  costs,  the  reader  should  refer  to  the 
separate  technical  report  on  the  public  finance  models. 

3.2  EXAMPLE  LAND  USE  MODEL  OUTPUTS  AND  COMPUTATION  PROCEDURES 

Illustrative  community  land  use  outputs  are  presented  in  Tables  3.2-1  and 
3.2-2  which  indicate  cumulative  and  net  annual  change  in  requirements,  in  acres,  for 


Table  3.1. 7-1.  Estimated  utility  construction  costs 

in  1978  dollars1  per  housing  unit 
for  three  types  of  housing. 


Utility  Costs  Per  Unit 

Housing  Unit 


Type 

Sanitary 

Sewage 

Water 

Gas  and 
Electricity 

Single  family 

1,000 

650 

800 

Multiple  family 

400 

260 

320 

Mobile  homes 

600 

390 

384 

T 120 3/ 10-2-81 

^Converted  to  1980  dollars  in  the  model. 


Source: 


HDR  Sciences,  calculations  based  on  planning 
factors  recommended  by  Murphy/Williams, 


1978. 


36 


»  • 

five  categories  of  urban  land.  These  categories  are:  (1)  permanent  homes,  including 
single-family  and  multiunit  residential  land  uses;  (2)  mobile  home  residential  land 

use;  (3)  retail,  commercial,  and  industrial  land  uses;  (4)  streets  and  highways;  and  (5)  /  ’• 

public  and  institutional  land  uses.  Unsummarized  model  output,  shown  in 

Appendix  A- 1  for  the  Proposed  Action  in  Beaver  County,  Utah,  provides  I  ^ 

considerably  more  detail  in  terms  of  land  use  categories.  — '  - 

The  cumulative  data  in  Table  3.2-1  represent  the  total  M-X-related  require¬ 
ments  for  additional  land  in  the  various  urban  uses  that  exist  in  each  year  from  1982 

through  1994,  while  the  annual  data  show  the  quantities  of  land  that  would  need  to  ; 

be  converted  to  or  from  the  use  category  during  a  particular  year.  Positive  signs  ^  ^ 

(for  the  data  in  Table  3.2-2)  represent  requirements  for  land  to  be  converted  to  a  — 


particular  use  and  negative  signs  mean  that  a  surplus  of  land  in  a  use  exists  which 
could  potentially  be  converted  back  to  nonurban  use.  Requirements  for  additional 
land  in  the  peak  year  by  the  various  urban  use  activities  greatly  exceed  the 
long-term  or  permanent  requirements.  It  is  likely  that  a  major  share  of  the 
short-lived  requirements  in  small  communities  during  the  peak  construction  period 
would  be  met  by  temporary  facilities  such  as  mobile  homes  and  unpaved  streets, 
with  the  land  used  for  these  short-term  facilities  reverting  back  to  nonurban  use 
after  the  conduction- related  population  migrates  out  of  an  area  upon  completion  of 
construction  activities. 

» 

.** 

j 

• 

Computation  Equations 

» 

• 

For  total  land 

uses: 

(8) 

-4 

- 

HX  +  M*  iCttSttGt 

where 

L1 

C 

- 

Total  community  land  requirements  (in  acres)  in  year  t 

1 

’ 

• 

- 

Acres  of  land  for  permanent  residential  use  required  in 
year  t 

= 

Acres  of  land  for  mobile  homes  required  in  year  t 

■ 

~t 

- 

Acres  of  land  for  commercial  uses  required  in  year  t 

» 

• 

*  J 

s* 

= 

Acres  of  land  for  streets  and  highways  required  in  year  t 

- 

and 

^t 

Cj 

- 

Acres  of  land  for  public  arid  institutional  uses  required  in 
year  t 

1 

For  residential  land  uses 

(9) 

HX 

= 

IJT  D  +  u*  n 
s  s  r  r 

where 

Ul 

s 

- 

Number  of  single- family  dwellings  required  in  year  t 

» 

- 

• 

■  ' 

n 

s 

= 

Density  factor  for  single-family  housing  =  3  units  per  acre 

* 

Ul 

r 

- 

Number  of  units  required  in  multiunit  structures  in  year  t 
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Cumulative  MX-Related  Land  Requirements  (Acres)  By  Use  Category  In  Beaver  County,  Ut. 
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and 

D 

r 

=  Density  factor  for  multiunit  housing  -  10  units  per 

(10) 

\\X 

=  U  X  D 

m  m 

where 

U* 

m 

=  Number  of  mobile  homes  required  in  year  t 

and 

0 

m 

=  Density  factor  for  mobile  homes  =  5  units  per  acre 

For  commercial, /businessland  uses: 


(11)  C* 
where  R* 

ox 

and  1* 


Dt  .-^t  I1 

=  R  +  O  +  I 

=  Acres  of  land  required  for  retail  sales  uses  in  year  t 

=  Acres  of  land  required  for  office-commercial  uses  in  year  t 

=  Acres  of  land  required  for  industrial  uses  in  year  t 


7  3 

E  E 

i~l  j=l 


0  31  Y 


lj 


E.  . 

i,l 


Vr  (43,560) 


where  i 

i 

Y* 

iJ 

0.31 

F 

'»J 

V 

r 

S 


Employment  categories  fron  1  to  n  =  7 
Places  of  residence  from  1  to  n  =  3 

t  h 

Aggregate  gross  mersonal  income  of  the  i  employment 
category  in  the  j  residential  location  in  year  t 

Proportion  of  income  spent  on  retail  goods,  constant  for  all 
i  and  j 

Proportion  of  retail  expenditures  which  are  local  for  the 
i  employment  cateogry  in  j  residential  location  (values 
shown  in  Table  3.1.2-  1) 

Retail  sales  volume  in  dollars  per  square  foot  of  gross 
leasable  building  area,  constant  =  $S7/sq  ft 

Multiple  of  building  area  to  obtain  total  square  feet 
required  for  building  and  ancillary  activities  such  as 
parking 


mi  4  3,  Se>  0 


conversion  factor  for  acres 


(  3 . 5  ) 


(13) 


0 


where  F. 

i) 


0.2 

3.5 


and  V 

o 


(14)  I1 


where 


0.2 


B 

P 


1.2 


V  V  0.2  .  F.  . 

L-j  L~.  1  |  1  ) 

i  =  l  j  =  l 


v  ( 4:i ,  r>(io ) 

o 


Proportion  of  commercial  services  expenditures  which  are 
local  for  the  i  employment  category  in  the  j  1  residential 
location  (values  shown  in  Table  3.1.2-  1) 


Proportion  of  income  spent  on  commercial  services, 
constant  for  all  i  and  j 

Constant  which  is  multiple  of  building  area  used  to  obtain 
total  land  required  for  building  and  ancillary  activities  such 
as  parking 

Commercial  sales  volume  per  square  foot  of  building  area  - 
$6Q/sq  ft 

0.2  f.J.  1.2  (B  +  P) 

-  - -  50 c— 

Total  indirect  employment  in  communities  in  year  t 
Proportion  of  employment  which  is  in  industrial  categories 
Constant  which  equals  building  area  per  employee 
Constant  which  equals  parking  area  per  employee 
Factor  for  ancillary  exterior  area  such  as  landscaping 


For  streets  and  highways; 

(15)  _  .rl  nf  (A.)  (loo)  "  uf  <c\  )  (60) 

t  _  .  _h _ h _ 4  i  i  L  Jl  J) _ 

‘  h=  1  43 ,  560~  ~  -i  li="  1  '  4.3,  >60 


n 

V 

iv=  1 


<Mh’ 


(3<  ) 


43, 560 


where 


Number  of  required  units  of  housing  type  h 


A 


h 


Number  of  linear  feet  of  arterial  streets  required  per  unit 
of  housing  type  h  (shown  in  Table  3.1.5-  1) 


100 


Width  of  arterial  right-of-way  in  feet 


1.76 


Factor  to  allow  for  nonresidential  requirements  for  arterial 
streets 


4  3,560  -  Conversion  factor,  sq  ft  to  acres 

C^  -  Number  of  linear  feet  of  collector  streets  required  per  unit 

of  housing  type  h  (shown  in  Table  3.1.5-  1) 


43 


1.1  -  Factor  to  allow  for  nonresidential  requirements  for 

collector  streets  and  for  minor  streets 

60  =  Width  of  collector  street  right-of-way  in  feet 

M^  =  Number  of  linear  feet  of  minor  streets  required  per  unit  of 

housing  type  h  (shown  in  Table  3.1.5-  1) 

n  =  3 


Width  of  minor  street  right-of-way  in  feet 


For  public  and  institutional  land  uses: 


where  E 


0.04  (Fl)  +  0.Q063  (P^)  +  0.000015  (pM 
M-X-related  school  enrollments  in  year  t 


0.0063 


Number  of  acres  required  per  pupil  for  school  sites 

M-X-related  in- migrant  population  resident  in 
com  n  uni  ties  in  year  t 

Number  of  acres  required  per  person  for  community  park 
land 


0.000015 


Number  of  acres  required  per  person  per  year  for  sanitary 
landfill  sites 


4.0  COMMUNITY  FACILITIES  AND  SERVICES  MODEL  GROUP 


4. 1  MODEL  STRUCTURE  AND  DESCRIPTION 

This  model  group  projects  baseline  and  M-X-related  facility  and  personnel 
requirements  for  five  different  types  of  community  services:  public  schools,  parks 
and  recreation,  public  safety,  health  care,  and  solid  waste  disposal.  These 
requirements  are  primarily  determined  as  a  function  of  population  size  and  place  of 
residence,  with  seven  different  categories  of  M-X-related  population  and  three 
different  types  of  residential  locations  differentiated  in  the  models.  The  population 
in  each  employment-residential  location  category  is  multiplied  by  per  capita  factors 
which  express  standards  for  delivery  of  the  various  services.  The  requirements 
calculated  by  this  method  should  be  interpreted  as  referring  only  to  the  "demand"  or 
need  for  service  inputs,  not  as  forecasts  of  how  the  supply  of  these  service  inputs 
would  actually  respond  to  M-X-generated  demand  for  the  services.  The  models, 
therefore,  do  not  forecast  changes  in  the  supply  of  the  services  nor  changes  in  the 
quality  and  attributes  of  service  outputs  (or  outcomes).  Changes  in  the  supply  of 
services  are  primarily  a  function  of  local  policy  and  budgetary  considerations  and,  in 
many  instances,  the  locational  decisions  of  individual  service  providers  such  as 
physicians.  These  types  of  factors  are  not  subject  to  prediction  with  any  degree  of 
confidence  and  are  beyond  the  scope  of  the  models  discussed  in  the  following 
sections. 

\s  a  practical  matter,  it  is  anticipated  that  the  supply  of  services  would 
ultimately  increase  to  accommodate  the  projected  long-term  demand  levels; 
shortfalls  are  likely  to  occur  during  the  construction  period  when  the  maximum  level 
of  population  in-migration  is  reached.  This  is  likely  to  be  especially  the  case  for 
healtn  services  and  parks  and  recreation  facilities.  Other  services  such  as  education 
and  public  safety  would  be  more  amenable  to  temporary  expansion  in  short-tern 
facilities  (mobile  classrooms  and  offices)  staffed  by  short-term  employees.  Only 
when  long-term  population  growth  is  projected,  as  in  communities  within  commuting 
distance  of  operating  bases,  is  construction  of  new  permanent  facilities  anticipated. 

EDUCATION  SERVICES  (4.1.1) 

The  education  services  submodel  provides  baseline  and  M-X-related  forecasts 
of  the  number  of  pupils  in  three  grade  categories,  teacher  requirements  in  the  three 
grade  categories,  the  number  of  new  classrooms  and  school  facilities  for  each  grade 
category,  and  school  construction  costs  excluding  land. 

The  number  of  school  pupils  (kindergarten  through  senior  high  school)  is 
estimated  separately  for  a)  community-located  population,  and  b)  base-located 
pop1  lotion.  This  is  accomplished  in  two  steps.  First,  using  the  number  of  households 
in  each  employment  category,  the  average  number  of  dependents  under  20  years  of 
age  is  derived  for  each  household  category.  The  number  of  dependents  under  age  20 
per  household  varies  by  employment  category  as  follows:  1.60  for  construction 
workers,  1.60  for  assembly  and  checkout  personnel,  1.40  for  military  operations 
family  households,  and  0.3  for  both  civilian  operations  and  indirect  worker 
households.  Second,  only  65  percent  of  the  dependents  would  be  of  school  age--i.e., 
age  5-17  years,  assuming  an  equal  distribution  of  dependents  by  age  cohort.  The 
subtotals  are  summed  to  obtain  the  total  number  of  pupils  generated  both  on  and 


offbase.  The  total  number  of  pupils  is  further  subdivided  into  grade  categories--as 
indicated  in  Table  4. 1 . 1-  1 . 

The  number  of  teachers  required  to  meet  the  increased  enrollment  is 
calculated  by  applying  appropriate  pupil/teacher  ratios  to  the  three  respective  grade 
categories  (see  Table  4.1.1-  1).  Although  actual  student-teacher  ratios  vary  from 
one  school  district  to  another,  the  ratio  for  estimating  demand  is  assumed  to  be 
invariant  and  applies  to  both  rural  and  urban  school  districts.  The  number  of  new 
schools  required  is  estimated  utilizing  a  parameter  defined  as  the  average  number  of 
pupils  per  school  at  each  grade  category.  The  average  school  sizes  assumed  are  350, 
5QQ,  and  700,  respectively  for  elementary,  junior  high,  and  high  schools  (see 
Table  4.1.1-  1).  Although  these  characteristics  of  an  education  services  delivery 
system  are  quite  different  from  those  presently  existing  in  tnany  of  the  rural, 
sparsely- populated  counties,  it  is  anticipated  that  the  growth  induced  by  the  M - X 
project  would  transform  the  nature  of  their  school  systems  so  that  they  more  closely 
resemble  an  urban  delivery  system.  School  construction  costs  are  projected  as  a 
function  of  enrollments,  space  requirements  per  pupil,  and  costs  per  square  foot  of 
construction.  Values  for  these  parameters  are  assumed  at  98  sq  ft  per  pupil  and  $45 
per  square  foot  (1978  dollars).  These  costs  are  converted  to  1980  dollars  in  the 
model  and  increased  an  additional  20  percent  to  reflect  likely  changes  in  the 
relative  prices  of  construction  labor  and  materials.  Except  in  those  places  where 
there  is  permanent  population  expansion  as  a  result  of  the  M-X  project,  additional 
classrooms  are  likely  to  be  provided  in  temporary ,  mobile  facilities. 

PUBLIC  SAFETY  SERVICES  (4.1.2) 

Tnis  submodel  computes  projected  baseline  and  M-X-related  personnel 
requirements  and  facility  construction  costs  for  offbase  law  enforcement  and  fire 
protection.  Demand  for  community  law  enforcement  services,  and  therefore 
personnel  requirements,  is  assumed  to  be  generated  by  the  total  population,  whether 
resident  in  local  communities,  the  operating  base,  or  in  construction  camps.  The 
requirements  are  further  assumed  to  be  invariant  for  all  population  categories,  with 
a  parameter  value  of  2.0  police  officers  per  thousand  population.  Although  the 
"boomtown"  literature  suggests  that  the  marginal  demand  generated  by  in-migrants 
for  law  enforcement  services  may  be  higher  than  the  average  for  the  indigenous 
population,  this  effect  is  offset  by  including  the  onbase  population  in  estimating 
demand  for  community  taw  enforcement  services.  Base  residents  may  themselves 
commit  or  be  the  victim  of  offences  in  local  communities.  Onbase  law  enforcement 
services,  however,  would  be  provided  by  the  Air  Force.  Construction  costs  for 
additional  community  law  enforcement  facilities  such  as  police  stations  and 
detention  centers  are  also  assumed  to  be  a  function  of  tn- migrant  population,  with 
an  estimated  annual  cost  of  $48  per  person  in  1978  dollars  (Murphy/Williams,  1978). 

The  additional  personnel  needs  associated  with  fire  safety  services  are 
estimated  in  a  manner  similar  to  those  for  law  enforcement  services  except  that 
only  the  population  resident  in  local  communities  is  used  to  forecast  needs.  It  is 
assumed  that  persons  and  property  on  the  base  will  be  provided  fire  protection 
services  by  the  Air  Force  while  the  population  in  temporary  construction  camps  is 
provided  fire  safety  services  by  contractors.  The  personnel  needs  ratio  is  assumed 
to  be  invariant  for  all  population  groups  at  1.65  full-time  professional  fire  personnel 
per  1,000  population  residing  in  local  communities  (IMCA,  1979),  or  the  equivalent 
number  of  volunteer  personnel.  Capital  costs  for  facility  construction  are  also  a 


Table  4. 1.1-1.  Educational  services  model  parameter 

values. 


Grade  Level 


k  -  6 

7  -  9 

10  -  12 

Percent  of  total  pupils 

55 

25 

20 

Student/teacher  ratio 

25 

23 

22 

Average  school  size  (pupils) 

350 

500 

700 

T5847/10-2-81 

Sources:  HDR  Sciences,  calculation  based  on  Murphy/Williams 

(1978);  Office  of  Community  and  Natural  Resource 
Planning,  (1979);  University  of  Nevada,  Reno, 

(1979);  and  Architects/Planners  Alliance,  Inc., 

(1979). 


function  of  the  same  population  segment  and  are  estimated  at  $39  per  capita  in  1978 
dollars  (Murphy/'.Villiams,  1978).  Capital  costs  for  both  law  enforcement  and  fire 
protection  services  are  converted  to  1980  dollars  in  the  model  and  increased  an 
additional  20  percent  to  reflect  likely  changes  in  the  relative  prices  of  construction 
materials  and  labor. 

COMMUNITY  PARKS  AND  RECREATION  SERVICES  (4.1.3) 

The  parks  and  recreation  submodel  projects  only  facility  and  land 
requirements,  rather  than  personnel.  Needs  for  three  types  of  urban  recreation 
facilities--playgrounds,  neighborhood  parks,  and  community  parks--are  functions  of 
the  size  of  the  population  residing  in  local  communities,  and  exclude  the  population 
living  on  the  base  or  in  construction  camps.  Recreation  services  and  facilities  are 
to  be  provided  onbase  by  the  Air  Force,  while  those  transient  construction  workers 
not  accompanied  by  families  are  unlikely  to  demand  the  types  of  services  usually 
obtained  at  community  parks.  The  requirements  per  person  resident  in  communities 
are  assumed  to  be  0.001  acres  for  playgrounds,  0.0013  acres  for  neighborhood  parks, 
and  0.004  acres  for  community  parks  and  open  space.  These  per  capita 
requirements,  which  are  standards  developed  by  the  National  Park  and  Recreation 
Association  for  urban  communities,  are  likely  to  result  in  overestimates  of  the  needs 
for  additional  parks  in  small,  rural-oriented  communities  such  as  those  found  in  the 
study  areas  of  Nevada/Utah  and  Texas/New  Mexico.  The  abundance  of  developed 
and  undeveloped  rural  outdoor  recreation  sites  in  the  regions  being  examined  and 
apparent  preferences  by  many  residents  for  recreation  activities  at  dispersed  sites 
suggest  that  demand  for  community  recreation  facilities  will  be  less  than  would  be 
the  case  in  urban  communities. 

SOLID  WASTE  DISPOSAL  SERVICES  (4.1.4) 

This  submodel  projects  quantity  of  solid  waste  generated,  in  terms  of  both 
weight  and  volume,  and  the  quantity  of  land  (sanitary  landfill)  required  for  solid 
waste  disposal.  As  in  the  case  of  fire  protection  and  park  services,  only  the 
population  projected  to  reside  in  communities  is  presumed  to  generate  demand  for 
this  local  service;  onbase  solid  waste  disposal  requirements  are  assumed  to  be 
provided  by  the  Air  Force,  while  contractors  would  dispose  of  solid  waste  generated 
in  construction  camps.  The  per  capita  solid  waste  generation  rate  assumed  is  5.0 
pounds  per  day,  which  creates  a  requirement  of  0.00001  5  acres  per  person  per  year 
( Architects/Planners  Alliance,  Inc.,  1979). 

HEALTH  SERVICES  (4.1.5) 

Demands  or  needs  for  additional  health  services  personnel  and  facilities, 
including  physicians,  nurses,  dentists,  mental  health  workers,  other  support 
personnel,  and  hospital  beds,  are  projected  individually  for  seven  categories  of 
population  in  three  categories  of  residential  locations.  The  model  computes  needs 
for  civilian  health  services  only,  and  excludes  those  health  personnel  and  facilities 
that  would  be  provided  onbase  by  the  Air  Force  for  military  personnel  and  their 
dependents  and  those  provided  in  construction  camps  for  construction  workers  by 
contractors. 

Air  Force  personnel  and  their  dependents  participate  in  the  Uniformed 
Services  Health  Benefits  Program  (USHBP),  which  provides  both  inpatient  and 


outpatient  medical  care  through  Uniformed  Services  health  facilities  and  personnel 
on  a  space-available  basis.  If  space  or  particular  medical  and  surgical  services  at 
the  Uniformed  Services  facility  are  not  available,  military  personnel  and  their 
dependents  are  authorized  to  participate  in  the  Civilian  Health  and  Medical  Program 
of  the  Uniformed  Services  (CHAMPUS)  on  a  cost-sharing  basis.  Since  1976,  Defense 
Appropriations  Acts  have  prohibited  the  use  of  CHAMPUS  funds  for  payment  of 
nonemergency  inpatient  care  at  civilian  facilities  if  services  are  available  at  a 
Uniformed  Services  Medical  Treatment  Facility  within  a  40  mi  radius  of  the 
patient's  residence.  If  the  needed  care  cannot  be  provided  at  the  Uniformed 
Services  Hospital,  the  hospital  issues  a  nonavailability  statement  to  the  patient. 
This  statement  is  required  for  payment  of  all  claims  by  CHAMPUS  beneficiaries  for 
nonemergency  inpatient  care  at  civilian  facilities.  Participation  by  civilian  health 
care  provided  in  the  CHAMPUS  program  is  entirely  voluntary. 

Since  the  proposed  and  alternative  operating  base  sites  are  generally  located 
in  sparsely  populated  rural  areas  which  traditionally  have  an  insufficient  supply  of 
health  care  providers,  the  model  assumes  that  a  comprehensive  program  of  health 
services  would  be  provided  onbase.  Except  for  routine  dental  services,  which  are 
not  covered  by  USHBP  or  CHAMPUS  for  dependents  of  military  personnel,  the 
onbase  military  population  is  assumed  to  generate  no  demand  for  civilian  health 
services.  Military  personnel  and  their  dependents  residing  off-base,  however,  are 
assumed  to  generate  a  demand  for  civilian  health  services  at  one  fifth  the  rate  of 
the  indirect  and  baseline  populations.  This  demand  factor  would  include  allowances 
for  treatment  of  emergencies,  for  residency  of  some  personnel  beyond  the  40  mi 
limit,  and  the  possibility  that  space  or  certain  services  may  not  be  available  at  all 
times  onbase  through  the  Uniformed  Services  Facility. 

Base  and  shelter  construction  and  assembly  and  checkout  population  categories 
are  assumed  by  the  model  to  generate  the  same  level  of  demand  for  health  services; 
differences  in  the  per  capita  quantity  of  demand  for  these  four  categories  are 
associated  with  place  of  residence.  When  they  reside  in  local  communities,  the 
population  in  these  categories  have  the  same  per  capita  demand  ratios  as  the 
indirect  and  baseline  populations,  although  this  may  overstate  demand  since  these 
groups  would  be  temporary  residents.  On  the  other  hand,  when  people  are  resident 
in  construction  camps  the  model  utilizes  demand  ratios  for  these  population 
categories  which  are  two  thirds  that  of  the  indirect  population.  The  lower  demand 
at  this  location  reflects  the  composition  of  the  construction  camp  population,  which 
consists  of  members  of  the  workforce  unaccompanied  by  dependents.  The  age  and 
sex  composition  of  this  population  suggests  a  lower  level  of  utilization  as  well  as 
needs  for  a  smaller  range  of  types  of  health  services  than  would  be  characteristic  of 
a  typical  population.  In  addition,  routine  nonemergency  outpatient  services  may  be 
provided  in  construction  camps  by  contractors,  further  reducing  the  scope  of  civilian 
health  services  required  by  the  construction  camp  population. 

In  summary,  the  model  projects  the  highest  per  capita  demand  to  be  associated 
with  civilian  operations,  indirect,  and  that  portion  of  the  construction  and  assembly 
and  checkout  population  which  is  resident  in  communities,  while  lower  levels  of 
demand  are  associated  with  military  households  and  with  residency  onbase  or  in 
construction  camps.  Standards  or  demand  ratios  for  the  various  components  of 
healtn  services,  expressed  as  requirements  or  needs  per  1,900  residents,  are  shown  in 
Table  4.1.5- 1  for  each  category  of  population  and  place  of  residence. 
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It  should  be  emphasized  that  the  model  projects  only  the  demand  or  needs  for 
health  services  rather  than  likely  changes  in  their  supply.  The  general  pattern  of 
dema  id  in  the  deployment  region's  communities  would  be  one  of  rapid,  large-scale 
increases  followed  by  substantial  declines  upon  completion  of  construction.  With 
the  historical  difficulty  in  attracting  physicians  and  other  health  providers  to  small 
isolated  communities,  the  fluctuating  demand  for  health  services,  and  the 
capital-intensive  facilities  required  in  a  health  services  delivery  system,  it  is  likely 
that  shortfalls  may  occur  during  the  period  of  the  maximum  population  impact. 

4.2  EXAMPLE  COMMUNITY  SERVICES  AND  FACILITIES  MODEL  OUTPUTS  AND 
COMPUTATIONAL  PROCEDURES 


Illustrative  community  services  and  facilities  model  summary  outputs  are 
presented  in  Tables  4.2-1  through  4.2-6,  which  show  M-X-related  additional  school 
enrollments,  teacher  requirements,  health  facilities  and  personnel  requirements, 
requirements  for  additional  law  enforcement  and  fire  safety  personnel,  and  land 
requirements  for  parks  and  recreation.  Unsummarized  model  outputs  for  the 
Proposed  Action  in  Beaver  County,  Utah,  with  more  detail  by  employment  category 
and  place  of  residence,  are  shown  in  Appendix  A,  Table  A-l.  The  following  sections 
describe  each  summary  output  table  in  terms  of  how  it  should  be  interpreted  and  the 
equations  for  computing  values  for  the  variables. 

SCHOOL  ENROLLMENTS  (TABLE  4.2- U 

The  sc.h'-  l  age  population  projected  to  be  generated  by  the  project  that  would 
be  present  in  the  countv  (or  region)  is  shown  by  grade  category  for  Beaver  County, 
Utah  each  year  from  1 982  through  1994.  In  addition,  the  table  indicates  the 
projected  total  baseline  school-age  population  and  the  percentage  difference 
represented  hy  the  M-X-related  enrollments.  The  data  are  shown  separately  for 
each  alternative  that  might  affect  a  particular  county.  School  enrollments  are 
computed  separately  for  the  base,  where  applicable,  and  the  community,  with  total 
countv  enrollments  the  sum  of  the  two  places.  More  detailed  data  are  shown  in 
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and 


Junior  high  school  enrollments  in  year  t 
High  school  enrollments  in  year  t 


•‘H  I 


-  2)  (.65)  +  0.25 


(A  -  2) (.65) 

l 


+  0.20  Z  H.  (A.  -  2) (.65) 

L i = 1  1C  1 


where  i 


Employment/population  categories  and  n  =  7 

Number  of  households  in  population  category  i  resident  in 
communities  in  year  t 

Average  household  size  for  population  category  i 

Number  of  adults  over  age  20  per  family  household 

Proportion  of  population  under  age  20  between  the  ages  of 
5  and  18 

Proportion  of  school-age  population  in  grades  K-6 
Proportion  of  school-age  population  in  grades  7-9 
Proportion  of  school-age  population  in  grades  10-12 


El  =  0.5  1  H  (A  -  2)  (0.65)  +  .25  H  L  (A  -  2)  (0.65)  +  .25 


mb  m 


H  (A  -  2)  (0.65) 
mb  m 


mb  m 


where  H 


Number  of  military  households  resident  onbase  in  year  t 

Average  family  household  size  for  military  households  =  3.4 
and  other  factors  are  as  in  equation  19 


TEACHER  REQUIREMENTS  (TABLE  4.2-2) 


The  table  indicates,  by  grade  category,  the  number  of  teachers  that  would  be 
necessary  to  accommodate  the  M-X-related  enrollments  present  in  the  county  if  the 
standards  for  pupil-teacher  ratios,  discussed  in  Section  4.1.1,  are  maintained.  The 
table  also  shows  the  number  of  teachers  required  for  the  baseline  school-age 
population  and  the  percent  change  over  the  baseline  represented  by  M-X-related 
requirements.  The  data  should  be  interpreted  as  estimates  of  needs  for  additional 
teachers,  not  as  forecasts  of  how  the  supply  of  teachers  would  respond  to  M-X- 
induced  demand. 
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Total  requirements  for  additional  teachers  in  year  t 

Number  of  pupils  in  grades  K-6  present  in  communities  in 
year  t 

Number  of  pupils  in  grades  K-6  resident  onbase  in  year  t 
Pupil -teacher  ratio  for  grades  K-6 

Number  of  pupils  in  grades  7-9  present  in  communities  in 
year  t 

Number  of  pupils  in  grades  7-9  resident  onbase  in  year  t 
Puoil-teacher  ratio  for  grades  7-9 

Number  of  pupils  in  grades  10-12  present  in  communities  in 
vear  t 


E.  u  =  Number  of  pupils  in  grades  10-12  resident  onbase  in  year  t 

22  =  Pupil-teacher  ratio  for  grades  10-12 

HEALTH  SERVICES  PERSONNEL  AND  HOSPITAL  BED  REQUIREMENTS  (TABLE  4.2-3) 


The  table  presents  the  number  of  physicians,  registered  nurses,  dentists, 
mental  health  personnel,  and  hospital  beds  needed  to  provide  health  services  to  the 
baseline  population  and  to  the  in-migrant  population  generated  by  the  M-X  project 
in  the  county.  The  data,  which  are  presented  separately  for  each  alternative,  should 
be  interpreted  as  demand  or  need  for  the  time  or  services  of  additional  personnel 
and  facilities,  not  as  predictions  of  how  supply  would  respond  to  needs.  Needs  for 
additional  health  services  during  the  peak  construction  period  would  greatly  exceed 
the  long-ter  n  or  permanent  requirements  in  most  counties.  Unless  specific 
measures  are  undertaken  to  recruit  specialized  health  services  personnel,  it  is  likely 
that  supply  would  not  exceed  the  long-term  requirements.  Shortfalls  during  the 
peak  period  may  lead  to  deterioration  in  the  quality  of  services,  time  delays  in 
obtaining  services,  or  may  necessitate  travel  outside  the  local  area  to  obtain  health 
services. 
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where 

D* 

=  Number  of  physicians  needed  in  year  t 

P.1 

ir 

=  In-migrant  population  in  category  i  resident  in 

place  of  residence  in  year  t 

category  r 

and 

S.  a 
lrd 

=  Standards  for  physician-population  ratio  for 

category  i  located  at  residence  category  r 
Table  4.1. 5-1) 

population 
(shown  in 

For  Registered  Nurses: 


(23) 

N* 

7  3 

Y1  y  ^  s- 

/  ;  /  ,  ir  irn 
i=l  r= 1 

where 

Nt 

Number  of  nurses  needed  in  year  t 

S. 

irn 

Standards  for  nurse-population  ratio  for  population 
category  i  located  in  place  of  residence  category  r  (shown 
in  Table  4.1 .5- 1) 

For  Vlental  Health: 

7  3 

(24) 

V  V  pt  s. 

2-j  ir  irm 
i= 1  r=l 

vhere 

Number  of  mental  health  personnel  needed  in  vear  t 

Sirm 

Standard  for  mental  health  personnel-population  ratio  for 
population  category  i  located  at  place  of  residence 
category  r  (Table  4. 1.5-1) 

For  Dentists: 

7  3 

Y  Y  pl  s. 

/  v  /  4  if  iro 
i =1  r=l 

(25) 

Ot 

where 

ox 

Number  of  dentists  needed  in  year  t 

s. 

iro 

Standard  for  dentist-population  ratio  for  population 
category  i  located  at  place  of  residence  category  r 
(Table  4.1. 5-1) 

For  Hospital  Beds: 

E  Z  P!'r  SiH, 

i  =  1  r  1 

(26) 

B* 

50 


» 


where  Bf  =  Number  of  hospital  beds  needed  in  year  t 

S.  ,  =  Standard  for  hospital  bed-population  ratio  for  population 

irD  category  i  located  at  place  of  residence  category  r 

(Table  4.1. 5-1) 

LAW  ENFORCEMENT  PERSONNEL  REQUIREMENTS  (TABLE  4.2-4) 

The  table  presents  estimates  of  the  additional  numbers  of  law  enforcement 
personnel  needed  to  provide  services  to  the  M-X -related  in-migrant  population, 
personnel  requirements  to  provide  services  to  the  baseline  population,  and  the 
percent  change  over  the  baseline  represented  by  the  M-X  demand.  The  data,  which 
are  presented  separately  for  each  alternative  affecting  a  county,  should  be 
interpreted  as  demands  or  needs  for  additional  police  personnel  rather  than  as 
projections  of  how  supply  would  respond  to  needs. 


Computation  Equation 

• 

(27) 

=  P*  S  +  P*  S  +  P*  S 
c  e  be  d  e 

where 

lt 

-  Total  number  of  law  enforcement  personnel  needed  in  year  t 

§ 

P* 

c 

=  M-X -related  in-migrant  population  present  in  communities 

in  year  t 

S 

e 

=  Standard  for  law  enforcement  personnel-population  ratio  = 

2  per  1,000 

• 

Pb 

=  M-X -related  in- migrant  population  resident  onbase  in  year  t 

and 

Pd 

-  M-X-related  in-migrant  population  resident  in 

construction  camps  in  year  t 

• 

FIRE  PROTECTION  PERSONNEL  REQUIREMENTS  (TABLE  4.2-5) 


The  table  presents  baseline,  M-X -related,  and  total  requirements  for  fire 
safety  and  emergency  medical  transport  personnel  and  the  percent  change  over  the 
baseline  represented  by  the  M-X -generated  need  for  additional  firemen.  Unlike  law 
enforcement  services,  onlv  the  pooulation  resident  in  communities  is  assumed  to 
create  demands  for  additional  fire  protection  personnel.  The  model  output  should  be 
interpreted  as  demand  for  the  services  of  full-time  professional  fire  personnel;  if  a 
community  utilizes  a  volunteer  fire  department  system,  the  output  would  have  to  be 
converted  to  the  equivalent  number  of  volunteer  personnel. 
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ALTERNATIVE  / 
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Computation  Equation 


(28)  Fx  =  P*  S, 

c  c  f 


where 


F* 

c 


Total  number  of  firemen  needed  by  communities  in  year  t 

Total  M-X-related  in-migrant  population  resident  in 
communities  in  year  t 


and  Sj  =  Standard  for  firemen-population  ratio  =  1.65  per  1,000 

PARKS  AND  RECREATION  FACILITY  REQUIREMENTS  (TABLE  4.2-6) 


Requirements,  or  needs,  for  additional  playgrounds,  neighborhood  parks,  and 
community-wide  parks  and  total  acres  of  park  land  needed  by  the  M-X-induced 
in-migrant  population,  assuming  standards  developed  by  the  National  Recreation  and 
Park  Association  for  urban  communities,  are  shown  in  the  table  for  each  alternative 
affecting  a  county  or  region.  Requirements,  which  are  a  function  of  that  portion  of 
the  population  resident  in  communities,  are  highest  during  the  M-X  construction 
period  but  decline  thereafter  to  permanent  levels  which  are  considerably  lower.  It 
is  reasonable  to  conclude  that  communities  would  plan  and  acquire  parkland  to 
accommodate  the  needs  of  the  long-term  rather  than  the  peak  population  in  order  to 
avoid  a  large  surplus  of  parkland  after  M-X  construction  is  over. 

Computation  Equation 


t 


(29) 

R  t 
pc 

=  ^'•V*Pc<Sn,tPc<V 

• 

where 

R  X 

PC 

=  Total  acres  of  parks  needed  in  communities  in  year  t 

pt 

c 

=  Total  M-X-related  in-migrant  population  present  in 
communities  in  year  t 

• 

S 

* 

=  Standard  for  playground  acres-population  ratio  =  1.0  per 

1,000 

Sn 

=  Standard  for  neighborhood  park  acres-population  ratio  = 

1 .3  per  1,000 

• 

and 

S 

r 

=  Standard  for  community-wide  park  acres-population  ratio 
=  **.0  per  1 ,000 
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Playgrounds  42  10.9  15.3  20.3  18  6  13.7  8.8  7.1  5  8  5.5  5.5  5.5  5. 
Neighborhood  parks  5  5  14.1  19.9  26.4  24,1  17.8  114  9.2  7.6  7.2  7.2  7.2  7. 
Community  parks  16  8  43.4  61.2  81.3  74.2  54  7  35  O  28.3  23  3  22  O  22.0  22.0  22. 
Total  26.5  68  4  96  4  128.1  116  9  86.1  55.2  44.6  36.7  34,7  34.7  34.7  34. 


ated  land  Requirements  (Acres)  For  Parks  And  Playgrounds  In  Beaver  County.  Ut. 
(Page  2  of  2) 
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APPENDICES 


The  unsum  narized  model  outputs  presented  in  the  following  tables  represent 
the  potential  impacts  to  Beaver  County  under  the  Proposed  Action.  The  results  are 
listed  by  employee  type  by  year  during  both  the  short-term  construction  period  and 
the  long-term  operations  period. 
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